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SPECIFICATION 



IMAGE FORMING DEVICE 



Technical Field 



The present invention relates to an image forming device 



that forms an image with the ink jet recording method. 



Background Art 



In the. ink jet recording method, pulse signals are applied 
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to a heater disposed in an ink-filled nozzle to heat the heater, 
to boil ink, and to cause the boiled ink to increase the vapor 
pressure to jet ink. To use this method on an image forming 
device, a plurality of nozzles are arranged to form one 
recording head, and a plurality of recording heads (for example, 
for jetting ink in cyan, magenta, ' yellow, black, and so on) are 
combined, to form a full-color image. 

Conventionally , when forming an image using a plurality of 
recording heads by the ink jet recording method, the problem is 
that a horizontal deviation between any two recording heads, as 
shown in FIG. 14(a), is sometimes introduced when the recording 
heads are mounted on a carriage at a factory at shipment time or 
when a service engineer or a user replaces one or more recording 
heads. (In the example shown in the figure, the recording head 
of cyan (C) is deviated from the correct position by W) . This 
deviation sometimes generates vertical stripes at print time and 
results in an unevenly printed image. Similarly, a vertical 
deviation between any two recording heads introduced when the 
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heads are mounted, as shown in FIG. 14(b), sometimes generates 
horizontal stripes and results in an unevenly printed image. 

In addition, on a device that uses a linear scale for 
establishing ink jet synchronization to jet ink at correct 
5 positions in the main scanning direction of the recording head, 
a jet position deviation (W2 + W3) may occur during forward and 
backward printing depending upon the movement speed of the 
carriage, sometimes resulting in an uneven image printing. This 
deviation is caused by a -delay generated before the ink is 
10 jetted from the time of passing the slit position as shown in 
s *3 FIG. 14(c). 

I. J ' 

Sj Therefore, when a color registration error (hereinafter 
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called a registration deviation) occurs through the recording 
head replacement or for some other reasons , the individual 
15 recording heads must be registered (i.e. registration 

adjustment). A registration deviation amount must be detected 
before making the registration adjustment. There are two 
methods of detecting registration deviation amounts: one is to 
print a particular test pattern, designed to make a registration 
20 deviation readily detectable, on paper so that human beings can 
check the print result to manually detect a registration amount, 
and the other is to cause a sensor to read a test pattern to 
detect a registration deviation. 
_ . The technology for reading the test pattern via a sens 

A\\ 25 disclosed in Japanese Patent Laid-Open^ub3r±cation No. Hei 7- 

323582. As shownJjj^&ZGrT"^^ base recording head, one of a 

DliiJe^±1^y~"ofrecording heads, and each of the other recording 
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heads print a pattern made up of two parallel bars (pattei 
elements) to allow the sensor to read the same position/of the 
parallel bars twice to detect the recording head deviation 
amount. That is, in the first scan, the sensor senses the width 
of each pattern element to calculate the center dot position 
thereof. Then, in the second scan, the sensor ^senses the width 
Wl between the pattern elements of the base head, based on the 
center dot positions of the pattern elements. Repeating the 
above-described operation for the patterr/ element of the base 
10 head and those of the other heads to calculate the widths 

(distances) W2, between the patlzfern elements of the base 

head and those of the other heads./ Then, the head deviation 
amount £CW is calculated based o/i the difference of those 
widths . 

15 To do so, a comparator A.5Q2 converts the analog signal, 

which is output from a seizor 1501, into a binary (bi-level) 
signal as shown in FIG. /6. In the first scan, this binary 
signal is sampled in a/predetermined timing in accordance with a 
timer 1503. Each time a pattern element is read, a CPU 1505 
20 references the vaLQe of the timer 1503 to read the pattern width 
data of each of /two pattern elements . After the scan is 
terminated , the distance from the edge of the pattern element to 
the center dot is calculated from the scan speed and the 
sampling frequency, based on the width data of each of two 
25 pattern/felements . After that, setting the center value of each 
pattern element in the timer 1503 immediately before the pattern 
is read in the second scan causes the timer 1503 to output a 
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^>xj^ carry signal at the time the carriage reaches the cenj^r 

position of the pattern element. By operatijig^a timer 1504 
using this carry signal, the distapce^fietween the center dot 
position of a pattern elegterreand that of another pattern 
5 element is calcu^at^dT This is done for the pattern elements of 
the bas£--tt£ad and for the pattern elements of the base head and 

^*<s€her heads to calculate the head deviation amount £CW. 

However, in this case, the signal is sampled in a 
predetermined timing. Therefore, the carriage speed varies 
j 3 10 during carriage scanning, from scan to scan, or from device to 

3 ;3 device due to various mechanical factors such as the tension of 
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\| a drive belt connecting the carriage and the motor. This 
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Lfj variation is accumulated in the sampling results, sometimes 

affecting the precision of registration adjustment. In 

15 addition, detecting each pattern-to-pattern width Wl, W2, ... 

requires the carriage to scan twice, thus requiring a long 

detection time and, at the same time, doubling the accumulation 

variation. 

This applies also to the paper conveyance direction. 
20 Variations in the paper conveyance roller diameter, 

eccentricity, and gears connecting the motor to the roller 
g enera te accumulation variations in the accumulated sampling 
results . 

In view of the foregoing, it is an object of the present 
25 invention to provide an image forming device capable of 
- precisely detecting a recording head deviation when the 
recording head has been replaced. 
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In addition, variations in the shape or the direction of 
nozzles, introduced when manufacturing the recording head, will 
cause ink droplets to be jetted, not in exactly correct 
positions in a straight row as shown in FIG. 23(a), but in 
5 positions shifted vertically and/or horizontally as shown in 
FIGS. 23(b) -23(d). In the method described above in which a 
test pattern is read by the sensor to detect a registration 
deviation amount, two parallel pattern elements are printed by 
the base head and each of other heads. Then, the sensor reads 
10 the width of each pattern element from the edges of the pattern 



*i 3 as well as the distance between the centers of the pattern 
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4 elements of the base head and each of the other heads. 
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Lrj Therefore, variations in the edges of pattern elements are 

" generated as described above, and those variations generate read 

15 errors. 

Also, when mounting a recording head 10L on a carriage 106, 
mechanical variations in the recording head 101 and the carriage 
106 may cause the recording head 101 to be inclined with respect 
to the main scanning direction as shown in FIG. 24. In 
20 addition, the position at which a sensor 110 is mounted on the 
carriage 106 may vary according to the device. The recording 
head 101, if inclined with respect to the carriage 106, causes 
the pattern elements to be inclined as shown in FIGS. 25(b) and 
25(c) although those pattern elements should be vertical bars 
25 (FIG. 25(a)). On the other hand, if the sensor read positions 
in the longitudinal direction of the pattern element vary as 
indicated by A to D, detection errors up to the value d occur. 



As described above, there is a possibility in the 
conventional registration detection method that the pattern 
detection result varies greatly according to the manufacturing 
variations in the recording head 101, how the recording head 101 
is mounted on the carriage 106, and how the sensor 110 is 
mounted . 

Therefore, it is another object of the present invention to 
provide an image forming device capable of detecting a test 
pattern more precisely in order to precisely detect a head 
deviation when a recording head has been replaced. 

Disclosure of Invention 

An image forming device according to the present invention 
forms an image on a print paper in an ink jet recording method 
with a plurality of heads . The device comprises main scanning 
direction moving means for moving a carriage in a main scanning 
direction, the carriage having the plurality of heads mounted 
thereon; paper conveying means for conveying the print paper in 
a sub-scanning direction; pattern printing means for printing, 
with at least one head, a test pattern including predetermined 
pattern elements; pattern detecting means, mounted on the 
carriage, for detecting the pattern elements of the test pattern 
printed oh the print paper by the printing means; binary 
conversion means for binarizing an output of the pattern 
detecting means; position detecting means for detecting a 
position of the carriage in the main scanning direction; and 
calculating means for moving the carriage to detect the pattern 



elements of the test pattern with the pattern detecting means, 
for detecting a print position of the pattern elements based on 
a detection result of the position detecting means when a rising 
and/or falling edge of a binary signal obtained by the binary 
5 conversion means is generated, and for calculating a mounting 
deviation amount of each head in the major scanning direction, 
wherein the position detecting means comprises low- resolution 
position detecting means based on a linear scale provided oh a 
movement path of the carriage and high-resolution position 
3 -3 10 detecting means for detecting a position more finely than a 
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i.3 minimum unit determined by a resolution of the low-resolution 

sj position detecting means. In this way, the device according to 

! n the present invention detects the position of the carriage at a 

! - time of a change in the output from the pattern detecting means, 

r »3 15 allowing the position of the pattern element to be detected 

rU precisely without being affected by the carriage speed 

in 

variations generated by mechanical causes. In addition, the 
mounting error of each head may be obtained by finding the 
position of the pattern element in one single scan and by 

20 comparing it with the indicated print position of the pattern. 
Combining the low- resolution position detecting means with the 
high-resolution position detecting means makes it possible to 
detect the position of the pattern element more precisely. 

The test pattern is, for example, at least one vertical bar 

25 extending in the sub-scanning direction almost perpendicular to 
the main scanning direction. 

The test pattern may include, for each head and as a 
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pattern element, at least one horizontal bar extending almost in 
parallel with the main scanning direction. In this case, the 
device further comprises conveyance amount detecting means for 
detecting a conveyance amount of the print paper in the sub- 
scanning direction almost perpendicular to the main scanning 
direction; and measuring means for measuring the conveyance 
amount equal to or smaller than the unit of the timer of the 
conveyance amount detecting means . The calculating means moves 
the print paper, on which the test pattern is printed, with the 
use of the paper conveying means with respect to the carriage to 
detect the pattern elements of the test pattern with the pattern 
detecting means, detects the print position of the pattern 
elements based on the detection results of the conveyance amount 
detecting means and the measuring means when a rising and/or 
falling edge of the binary signal obtained by the binary 
conversion means is generated, and calculates an amount of 
mounting deviation of each head in the sub-scanning direction 
based on the print position of the pattern elements printed by 
each head. 

The pattern detecting means is a reflective sensor 
comprising a light emitting element and a light receiving 
element . 

The low- resolution position detecting means comprises, for 
example, a counter for counting a timing signal based on the 
linear scale, and the high-resolution position detecting means 
comprises a timer which is initialized by the timing signal and 
measures a time with a predetermined clock signal. 



The pattern printing means may cause each of different 
portions of a single head to print a plurality of dots 
sequentially in a plurality of passes, the plurality of dots 
constituting a portion of the vertical bar. This method, what 
we call multi-pass recording, reduces horizontal positional 
deviations at upper and lower portions of the vertical bar 
caused by head skews or variations in head recording elements. 

The calculating means uses the pattern detecting means to 
detect the vertical bar at least two positions in a longitudinal 
direction of the vertical bar to obtain a print position of the 
vertical bar based on an average value of the detected results . 
This processing averages pattern position detection errors. 

In addition, the device may further comprise means for 
measuring a unit time interval of the linear scale at a time the 
pattern elements are detected; and means for correcting a 
measured value of the timer based on the measured value and a 
theoretical value of the unit time interval. This configuration 
eliminates the effect of carriage speed variations when 
detecting the position within the unit time interval. 

Preferably, the calculating means calculates the center 
position of the width of the pattern element based on both edges 
of the obtained pattern element. This method eliminates the 
dependency of the position detection result upon the paper types 
and paper floating. 

A method according to the present invention, for use on an 
image forming device with a linear scale provided on a carriage 
movement path, for detecting a deviation between a print 



position actually printed on a print paper by a head and a print 
target position comprises the steps of providing a timer for 
detecting a position within a unit interval determined by a 
resolution of the linear scale; printing a predetermined print 
element at the target position on the print paper by the head 
mounted on a carriage that scans in a major scanning direction; 
detecting the print element with a sensor mounted on the 
carriage; and detecting a low- resolution position based on the 
linear scale when the print element is detected and, detecting a 
high-resolution position within the unit interval with the 
timer, and obtaining the deviation between the detected position 
and the print target position. 

Brief Description of Drawings 

FIG. 1 is a diagram showing the main unit of an image 
forming device in an embodiment of the present invention. 

FIG. 2 is a diagram showing the control block in the 
embodiment of the present invention; 

FIG. 3 is a diagram showing a test pattern (print pattern) 
used in the embodiment of the present invention; 

FIG. 4 is a diagram showing the configuration of a sensor 
used in the embodiment of the present invention; 

FIG. 5 is a diagram showing the configuration of a pattern 
detector used in the embodiment of the present invention; 

FIG. 6 is a diagram showing a print pattern and the sensor 
output timing in the embodiment of the present invention; 

FIG. 7 is a diagram showing the timing in which a linear 



scale output is obtained when an interrupt is received in the 
embodiment of the present invention; 

FIG. 8 is a diagram showing how the sensor output changes 
when a paper floating occurs in the embodiment of the present 
invention; 

FIG. 9 is a diagram showing an example of print results in 
the embodiment of the present invention; 

FIG. 10 is a diagram showing the internal circuit of a 
recording head in the embodiment of the present invention; 

FIG. 11 is a diagram showing an image formation procedure 
in the embodiment of the present invention; 

FIG. 12 is a diagram showing the configuration of a linear 
scale and a print timing in the embodiment of the present 
invention; 

FIG. 13 is a flowchart showing an example of registration 
adjustment after a head is replaced in the embodiment of the 
present invention; 

FIGS. 14(a), 14(b), and 14(c) are diagrams showing print 
results when a head is deviated in position; 

FIG. 15 is a diagram showing a print pattern used to detect 
a registration deviation in a conventional method; 

FIG. 16 is a diagram showing a control circuit used to 
detect a pattern in the conventional method; 

FIG. 17 is a diagram showing a control block in a second 
embodiment of the present invention; 

FIG. 18 is a timing chart showing the second embodiment of 
the present invention; 



FIG. 19 is a diagram showing the internal block of a head 
control unit in a third embodiment of the present invention; 

FIGS. 20(a) and 20(b) are diagrams showing how multi-pass 
printing is performed in the embodiment shown in FIG. 19; 

FIGS. 21(a) and 21(b) are diagrams showing the difference 
in print results between single-pass printing and multi-pass 
printing in the embodiment shown in FIG. 19; 

FIGS. 22(a), 22(b), and 22(c) are diagrams showing a head 
that is inclined and print results in the embodiment show in 
FIG. 19; 

FIG. 23 is a diagram showing how head manufacturing 
variations affect the jet of ink; 

FIG. 24 is a diagram showing variations in the mounting of 
a head on a carriage; and 

FIGS. 25(a), 25(b), and 25(c) are diagrams showing how 
variations in the mounting of a head on a carriage affect the 
jet of ink. 

Best Mode for Carrying Out the Invention 

Some embodiments of the present invention will be described 
more in detail with reference to the drawings. 

FIG. 1 is a diagram showing the general configuration of an 
ink jet image forming device in the form of a serial printer 
according to the present invention. Black, yellow, magenta, and 
cyan ink are supplied from the ink tanks to recording hea!ds 
lOlBk, 101 Y, 101M, and 101C each via an ink tube (both not 
shown). A recording head 101 is driven by a recording head 
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driver or the like in response to the recording signal 
corresponding to recording information from a main controller 
(not shown). This causes ink droplets to be jetted from the 
recording head 101 onto a print paper 102 for color recording. 

A sub-scanning motor (a paper conveyance motor) 103, which 
is a driving source for intermittently feeding the print paper 
102, drives a conveyance roller 104 via gears. A main scanning 
motor 105 is a driving source that causes a carriage 106, with 
the recording head 101 thereon, to scan in the directions 
indicated by arrows A and B via a main scanning belt 107. 

When the print paper 102 that is fed and conveyed by the 
conveyance roller 104 reaches a print position, the paper 
conveyance motor 103 is turned off to stop the conveyance of the 
print paper 102. Before starting image recording on the print 
paper 102, the carriage 106 moves to the position of a home 
position (HP) sensor 108. Then, the carriage scans forward in 
the direction indicated by arrow A, and jets black, yellow, 
magenta, and cyan ink from the recording heads lOlBk-lOlC at 
predetermined positions to record an image. After recording a 
specified width (called a band) of ah image during one scan 
operation by the carriage 106, the carriage 106 stops and then 
starts backward scanning in the direction indicated by arrow B 
to return to the position of the home position sensor 108- 
During backward scanning, the paper conveyance motor 103 is 
driven to convey the print paper 102 by the amount of one band, 
which was recorded by the heads recording lOlBk-lOlC, in the 
direction indicated by arrow C. Repeating the scanning 
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operation of the carriage 106 (and head 101) and the paper feed 
operation in this way records an entire image. 



A linear scale 109 provided next to, and parallel with^tjie^ 
A*3^ scanning path of the carriage 106 has slits provided£hcrfealong 

5 at a predetermined resolution (resolution) .^^A<€ransmission type 
optical sensor (1203 in FIG. 12) in^fea^Tled near the carriage 106 
reads the slits on the ling^r"scale 109 to obtain two signals 
each with its own#h£se (90?out of phase). These signals are 
used to m^iSge the position of the carriage 106 and, at the same 

j'j 10 feHae7 synchronize the ink jet from the recording head 101. 

In this embodiment, a recording head with the resolution of 
600 dots /inch and a linear scale with the resolution of 600 
dots /inch are used to allow an image to be printed at 600 
dots /inch. 

^ 15 Also provided near the carriage 106 in this embodiment is a 

^ reflective type optical sensor 110. When any of the recording 

CO 

i!3 heads 101 on the carriage 106 cannot form a good image because 



any of plural recording elements are damaged or ink is not 
jetted from those elements, the recording head must be replaced. 

20 When some of a plurality of recording heads or all of them have 
been replaced or when the positional relationship among the 
plurality of recording heads is not correct for some reasons, 
the images, each formed in a color, are not registered 
correctly. This is a serious problem because a good image 

25 cannot be obtained. Therefore, when a color deviation 

(registration deviation) occurs at head replacement time or for 
some reasons, the positions of the recording heads must be 
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corrected for registration adjustment. To do so, a particular 
test pattern (print pattern) P is printed to allow the sensor 
110 to read it for detecting a registration deviation amount. 
And, based on the detected registration deviation amount, the 
5 registration adjustment is made. The present invention is 
characterized most in the detection of this registration 
deviation amount, which will be detailed below - 

FIG. 2 is a block diagram showing the configuration of the 
control hardware of an image forming device in a first 

10 embodiment of the present invention. The image forming device 
shown in the figure, which comprises a print control unit 202 
and the heads 101, is connected to an external device 201. The 
external device 201 — a computer, an image reader, and some 
other device — is a host unit which provide the image forming 

15 device with image data or commands required for recording. 

Connected to the print control unit 202 are the main 
scanning linear scale 109, a sub-scanning encoder 210, the main 
scanning motor 105, sub-scanning motor 103, sensor 110, and an 
operation panel 111. 

20 The print control unit 202 receives image data VDI from the 

external device 201 and controls the formation of an image on 
the print paper with the use of the heads 101. The print 
control unit 202 comprises a CPU 203, a head control unit 204, a 
main scanning counter 205, a sub-scanning counter 206, a main 

25 scanning timer 207, a sub-scanning timer 208, a pattern detector 
209, and a carriage /paper feed servo control unit 211. The CPU 
203 provides an interface with the external device 201 from 



which the serial image data VDI is transferred and, at the same 
time, controls the entire operation of the print control unit 
202 including the memory and I/O devices. 

More specifically, upon receiving the serial image data VDI 
from the external device 201, the CPU 203 issues a command to 
the head control unit 2 04 to temporarily store several bands of 
image data VDI into the image memory. Image processing is 
performed for the stored image data VDI, and image data VDO is 
output as the heads 101 scan. At this time, when controlling 
the image memory (not shown), the CPU 203 may variably set the 
horizontal and vertical addresses from which data is to be read. 
This operation makes it possible to correct the head mounting 
positions by varying a position from which the image data VDO to 
be printed by each head is read. 

In this embodiment, the main scanning linear scale 109 and 
the sub-scanning encoder 210 are provided as shown in the 
figure. Two phase signals are output, each at the absolute 
position according to the movement amount; that is, when the 
main scanning linear scale 109 drives the carriage 106 with the 
main scanning motor 105 and when the sub-scanning encoder 210 
feeds paper with the sub-scanning motor 103. The output from 
the main scanning linear scale 109 is used also as the print 
control synchronizing signal for outputting the image data VDO 
and, in synchronization with this signal, the image memory 
address signal is generated. Therefore, by changing an image 
memory address from which data is to be read, the registration 
deviation amount may be corrected on a linear scale basis in the 



main scanning direction, and on a head nozzle basis in the sub- 
scanning direction. Although not shown in the figure, the 
output of image memory data is delayed for the period of time 
that is set by the CPU 2 03 in synchronization with the 
synchronizing signal sent from the main scanning counter 205. 
This delay corrects a deviation less than the minimum interval 
detectable by the main scanning linear scale 109. 

The head control unit 2 04 also generates signals, such as a 
head block enable signal BE and a heater drive pulse signal HE, 
necessary for jetting ink. The image data VDO, block enable 
signal BE, and heater drive pulse signal HE, which are output 
from the head control unit 204, are transferred to the head 101. 
In the control circuit in the head 101, only the heaters of the 
nozzles whose image data VDO and enable signals (indicated by BE 
and HE) are enabled are turned on. Ink is jetted from those 
nozzles onto a print paper to form one column of an image as 
shown in FIG. 11. Repeating this operation by causing the head 
101 to scan in the main scanning direction forms a one-band 
image. Then, the print paper advances a specified amount to 
form another one-band image. Repeating this control forms the 
entire image on the print paper - 

The carriage /paper feed servo control unit 211 receives the 
output from the main scanning linear scale 109 and the sub- 
scanning encoder 210 to feedback-control the drive speed, start, 
stop, and movement amount of the main scanning motor 105 and the 
sub-scanning motor 103 for positioning management. 

The operation panel 111 is used by the user to issue 
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operation instructions to the image forming device, including 
instructions for the print mode, demonstration printing, 
recording head recovery operation and so on. Instructions in 
the cases of head replacement and registration deviation 
correction may also be issued from the operation panel 111. 

FIG. 10 shows the internal configuration of the head 101. 
Note that the figure shows the configuration of only one head. 
In FIG. 10, numerals 1001 and 1002 are shift registers, numerals 
1003 and 1004 are latch circuits, numeral 1005 is a decoder 
circuit, and numeral 1006 is an AND circuit. Numeral 1007 is a 
transistor, and numeral 1008 is a heater. 

Image data VD01 and VD02 are serial binary data sent from 
the external device 201 in synchronization with the transfer 
clock CLK. This serial binary data is sequentially converted 
from serial to parallel by the shift registers 1001 and 1002. 
For each of video data VDOl and VD02, eight units of data are 
transferred and then latched by the LAT signal. In addition, a 
head composed of a plurality of nozzles is divided into n blocks 
(in this example, a 256-nozzle head is divided into 16 blocks), 
and the enable signal BE0-15 and the heater drive pulse signal 
HE are supplied, one pulse for each block. The transistor 1007 
may be turned on only for the nozzles for which image data is 
enabled and, when the transistor is turned on, the corresponding 
heater 1008 is heated for jetting ink. 

In the image forming device, the decoder 1005 binarizes the 
enable signal BE from 4 bits to 16 bits. From each nozzle, ink 
is jetted when the enable signal BE, the bits from the video 
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data VD01 and VD02, and heater drive pulse signal HE are all 
turned on. 

FIG. 13 shows an example of registration adjustment that is 
made when a registration deviation correction instruction is 
5 issued in this embodiment. In most cases, this processing is 
performed immediately after head replacement. As shown in FIG. 
3, each head is used to print the test pattern P composed of 
horizontal bars HB and vertical bars VB (Sll). In FIG. 3, the 
horizontal bars HB are pattern elements used to detect a 
j '3 10 vertical registration deviation amount, while the vertical bars 

'•3 VB are pattern elements used to detect a horizontal registration 

IU 

vj deviation amount. In FIG. 3, only four blocks of pattern 

(0 ... 
■ n elements of the test pattern p for detecting a registration 

iy deviation amount, which are printed when the carriage scans in 

• ; 3 15 the forward direction, are shown. If there is a difference in 

FU the registration deviation amount in the forward direction and 

s-a . 

■ig that in the backward direction, the pattern elements for use in 

La 

the backward direction should be provided. Although, in the 
figure, a plurality of bars are printed at an equal interval in 

20 the pattern element block for each color, the bars need not be 
at an equal interval. This is because, when calculating a 
registration deviation amount, the deviation amount is 
calculated by comparing the indicated print position with the 
actual detection point. In addition, although the print 

25 patterns of all heads are shown as the test patterns in FIG. 3, 
the test patterns of all heads need not always be printed. For 
example, the print patterns printed only by the replaced head 



may be used. Although six pattern elements are shown for each 
head in the example of the figure, these elements are used only 
to calculate the average of a plurality of results. In 
principle, one pattern element is required for each head. 

As described above, the sensor 110 is provided near the 
head (FIG. 1). After the test pattern shown in FIG. 3 is 
printed, the sensor 110 reads each pattern element (S12 in FIG. 
3) to detect the deviation amount of the head and to save it as 
the registration adjustment amount (S13). These steps, Sll - 
S13, may be performed separately for horizontal bars and 
vertical bars. These steps may also be repeated for each of the 
replaced heads (S14). 

More specifically, after the horizontal bars HB shown in 
FIG. 3 are printed, the carriage 106 is moved so that the sensor 
110 is positioned in the upstream of the patterns. After that, 
the print paper 102 is conveyed and, based on the output from 
the sensor 110, the pattern detector 209 in the print control 
unit 202 detects a position where the pattern density changes. 
That is, the analog signal from the sensor 110 is binarized and 
is sent to the interrupt input terminal of the CPU 203 (FIG. 6). 
The rising edge and the falling edge of the binary signal 
correspond to the edges of the above-described pattern element. 
Each time the rising edge and the falling edge are entered to 
the interrupt input terminal, the CPU 203 reads the values from 
the sub-scanning counter 206 and the sub-scanning timer 208 and 
temporarily stores data in the work memory. 

After reading all horizontal bars HB, the vertical bars VB 



are printed. After printing the vertical bars VB, the print 
paper 102 is moved so that the sensor 110 is positioned on the 
vertical bars VB. After that, the carriage 106 scans and, based 
on the output from the sensor 110, the pattern detector 209 in 
the print control unit 202 detects a position where the pattern 
density changes. At the same time, the analog signal from the 
sensor 110 is binarized and is sent to the interrupt input 
terminal of the CPU 203. As described above, each time the 
interrupt terminal receives the rising edge and the falling 
edge, the CPU 203 reads the values from the main scanning 
counter 205 and the main scanning timer 207 and temporarily 
stores data in the work memory. After reading all vertical bars 
VB, the CPU 203 starts calculating the registration deviation 
amount . 

The order in which the horizontal bars HB and vertical bars 
VB are processed may be the reverse of the above. 

FIG. 4 is a diagram showing the internal configuration of 
the sensor 110 used in the image forming device. In the figure, 
numeral 401 denotes a light-receiving element — either a 
phototransistor or a photo diode — that has a band (or optical 
filter) covering the frequency of ink colors. Numeral 402 
denotes a light-emitting element for emitting one of R, G, and B 
that are complementary colors of C, M, and Y. Numeral 403 
denotes an optical lens that focuses light, emitted by the 
light-emitting element 402, on the registration deviation 
detection pattern P and, with the optical lens, condenses the - . 
reflected light on the light receiving element 401 to detect the 
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presence of pattern elements- In this embodiment, the ink 
colors C, M, Y, and K are used, and the light emitting element 
that emits R, G, and B independently is used for identifying 
each ink color and the white of the background paper to allow 
5 the emission light to be switched according to the ink color. 
The output from the sensor 110 is used by the pattern 
detector 209 in the print control unit 202 to detect a change in 
the density of a pattern, FIG. 5 shows the details of the 
pattern detector 209. 

10 In FIG. 5, numeral 501 is a light-emitting element driving 

transistor, numeral 502 is an I-E amplifier that amplifies the 
current generated in the light-receiving element and converts 
the current to a voltage, and numeral 503 is an amplifier that 
further amplifies the output of the I-E amplifier 502. Numeral 

15 504 is a comparator that converts the output of the amplifier 
503 to a binary value, and numeral 505 is a D/A converter 
through which the CPU 203 sets the adjustment values to adjust 
the light emission amount of the light-emitting element in the 
sensor 110 and the offset amount of the sensor 110. The output 

20 of the amplifier 502 is connected also to the analog-digital 
conversion input terminal of the CPU 203. To keep the sensor 
output at a predetermined level before detecting a registration 
deviation adjustment pattern, the CPU 203 uses this output to 
adjust the light emission amount of the light emission element 

25 in the sensor 110 and the offset of the output from the sensor 
110. After adjusting the sensors, the registration deviation 
adjustment pattern is read to detect the pattern. In addition, 
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the output of the comparator 504 is connected to the interrupt 
input terminal of the CPU 203* Each time the rising edge or the 
falling edge of a binary output from the comparator 504 is 
entered, the CPU 203 reads the values of the main scanning 
5 counter 205 and the main scanning timer 207 to detect a 

horizontal registration deviation, or the values of the sub- 
scanning counter 206 and the sub-scanning timer 208 to detect a 
vertical registration deviation, temporarily stores the data in 
the work memory and, after reading those values, calculates the 

3 

1 10 registration deviation amount. 

^ FIG. 7 shows the relationship between the interrupt input 

y . - 

^ and the main scanning linear scale when detecting a registration 

□ 

H deviation amount in the main scanning direction in this 

embodiment. As shown in the figure, two phase signals, phase A 

3 

2 15 and phase B, are output from the main scanning linear scale 109 

~ as the carriage 106 moves. The main scanning counter 205 counts 

ft 

3 the rising and falling edges of phase A/phase B to measure the 
movement position of the carriage to the extent of the 
resolution provided with the linear scale 109. Within the time 

20 interval between the rising edge and the falling edge of phase A 
and phase B, the main scanning timer 207 counts shorter-period 
reference clocks at a predetermined interval to detect the 
carriage position more finely than it is detected by the main 
scanning linear scale 109. When an interrupt is sent from the 

25 sensor 110 to the CPU 203 at time T while the carriage scan is 
performed to detect a registration deviation amount, the CPU 2 03 
references the count values of the main scanning counter 205 and 
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the main scanning timer 207 to detect, at a high resolution, the 
carriage position where the pattern element is detected. To do 
so, the timer 207 is initialized each time the counting starts. 
It is desirable that the carriage be driven at a constant speed 
to minimize the tinier measurement error. 

If the position of the pattern element was detected only by 
the main scanning counter 205 that counts the linear scale 
output, the resolution would depend only on the resolution of 
the linear scale 109 and, therefore, the registration deviation 
amount could not be detected precisely. In addition, if the 
signal was simply sampled in a predetermined timing with the use 
of the timer as in a conventional device, the mechanical 
variations would accumulate as described above. Therefore, to 
detect the position of the pattern element, the device according 
to the present invention uses the main scanning counter 205 to 
detect the general absolute position of the pattern and, at the 
same time, the timer to measure the correct position at a 
resolution higher than the minimum unit interval of the linear 
scale. This configuration minimizes the effect of carriage 
speed variations and, at the same time, detects the position at 
a higher resolution. 

As described above, unlike the device in the prior art that 
has a configuration in which the timer is used to measure the 
distance between the pattern elements printed by the base head 
and the pattern printed by some other head (configuration in 
which the amount of deviation of the other head with respect to 
the base head is detected relative position comparison), the 
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device according to the present invention has a configuration in 
which the head deviation amount is detected based on the dot 
position to be printed according to the linear scale and the dot 
position actually printed (absolute position comparison). This 
configuration requires only one scanning to detect the center 
dot position. Therefore, the error is not doubled and the 
detection error may be minimized. 

In addition, although a pair of pattern elements in 
different colors must always be arranged in parallel for the 
base head and the comparison head in print pattern for use in 
relative position comparison, the present invention eliminates 
this limitation on the print pattern configuration. In 
addition, when replacing a recording head, the device according 
to the present invention prints the pattern elements only for 
the replaced head for detecting the head deviation amount. In 
relative position comparison, even when only one non-black ink 
head has been replaced, a pair of black pattern elements and a 
pair of a black pattern element and a pattern element in the 
color of the replaced head must be printed. In particular, when 
replacing the black ink head, the print pattern must be printed 
for the heads for all ink colors and the deviation amount must 
be detected for each of the non-black ink heads (Normally, 
monochrome printing is dominant and, therefore, the black ink 
head is replaced more frequently than other heads . ) 

After reading the pattern, the CPU 203 reads data from the 
work memory and, based on the carriage position values for the 
rising edge and the falling edge, calculates the center dot 
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position of each pattern. As shown in "state 1" and "state 2" 
in FIG. 8, the sensor output level slightly changes depending 
upon the paper type, paper floating, sensor accuracy, and light 
absorption ratio of a color. Therefore, when the comparator 504 
5 binarizes the signal using a fixed threshold, there might be 
variations in the rising edge positions and falling edge 
positions in certain cases. To solve this problem, the center 
position is calculated based on both edge positions. This 
calculation method always gives a reliable output result because 
10 the center position remains unchanged in most cases even when 
there are variations described above. After that, the 
difference between the center dot position (indicated value) of 
each pattern element to be printed and the actual measurement 
value is calculated. In the example in the above test pattern, 
£3 15 the deviation amounts at the center dot positions of a plurality 

of parallel bars for each color are calculated and then 
averaged. The registration deviation amount may be calculated 
from the head position difference obtained in this way. 

An example of a difference in the registration deviation 
20 amount will be described with reference to FIG. 9. In the 

figure, the white circle "O" indicates a dot position at which a 
dot is to be printed, with the range indicated by the main 
scanning linear scale count values 16 hex to 1C hex. The black 
circle indicates that the actual print position has been 

25 shifted in the range 17 hex to ID hex. The center dot position 
of the pattern element to be printed is 19 hex while the center 
dot position of the pattern element whose print has been shifted 



because of a registration deviation is 1A hex. As a result, a 
on e-dot registration deviation is generated. Although a 
position deviation less than one dot in size may actually occur, 
a one-dot deviation will be described in the description below 
for convenience. 

Performing the operation described above for the pattern 
(HB) for detecting a vertical registration deviation and for the 
pattern (VB) for detecting a horizontal registration deviation 
detects a vertical/horizontal head mount deviation. 

To correct the ink jet positions of each head based on the 
head registration deviation amount that was detected as 
described above, the CPU 203 variably changes the address from 
which, and the timing in which, data is to be read from the 
image memory in the head control unit 204. In the main scanning 
direction, the jet positions may be corrected at a resolution 
more than the resolution (less than the minimum unit interval) 
of the main scanning linear scale 109. In the sub-scanning 
direction, the jet position may be corrected on a' nozzle basis 
of the head 101. 

Although the correction in the sub-scanning direction may 
be made only on a nozzle basis in this embodiment, the sub- 
scanning timer 208 is used to find a registration deviation 
amount in the sub-scanning direction with a resolution equal to 
or greater than the resolution of the sub-scanning encoder 210. 
The reason is that, when a decimal fraction is generated during 
the detection and calculation of a registration deviation amount 
in the sub-scanning direction, which nozzle, top or bottom, will 
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minimize the registration deviation amount must be decided. 
Therefore, the sub-scanning timer 208 in the sub-scanning 
direction need not be so precise as the timer in the main 
scanning direction. 

In the embodiment described above, a method for detecting a 
vertical/horizontal registration deviation in a single detection 
operation has been described. However, a single detection 
operation sometimes results in the detection result changing 
each time the deviation is detected because of variations in the 
sensor output signal level determined by the precision of the 
sensor 110, variations in linear scales introduced during 
manufacturing, and variations in the carriage speed. This 
problem may be solved by increasing the number of detections or 
patterns and by calculating its average. 

Next, a second embodiment of the present invention will be 
described. FIG. 17 shows the configuration of an image forming 
device in this embodiment. The configuration in this figure is 
almost similar to that shown in FIG. 2 except that a second 
interrupt generator 212 is added. As shown in the timing chart 
in FIG. 18, the second interrupt generator 212 sends the second 
interrupt signal to the CPU 203 when the timing signal is issued 
from the main scanning linear scale 109 immediately after the 
pattern detector 209 sends the interrupt signal (first 
interrupt) to the CPU 203. This second interrupt allows the CPU 
203 to know the timer value Tl of the main scanning timer 207 at 
that moment. In this embodiment, the timer value in the main 
scanning timer 207 is reset immediately after the timer value Tl 
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is identified. The measured timer value Tl may be different 
from the theoretical value TO, calculated from the predetermined 
speed, depending upon the variation in the carriage speed. The 
figure shows a case in which the actual carriage speed is 
5 slightly higher than the predetermined speed. Therefore, the 
timer value t measured based on the first interrupt, which is 
affected by the variation in the speed, is thought to be 
different from the theoretical value (in this example, the value 
is smaller). To correct the value affected by the variation in 
10 the speed, the timer correction value tc (theoretical value) is 



calculated by the following formula: 



h3 

]j tc = (t/Tl) x TO 



in This adjustment also makes it possible to eliminate the 

pa 

I, U 

i( " effect of variation in the carriage speed within the minimum 

15 unit interval determined according to the linear scale 
I.JJ resolution for the position where the pattern element is 

^ Q detected. 

Next, a third embodiment of the present invention will be 
described. The configuration of an image forming device in this 
20 embodiment is similar to that shown in FIGS 1 and 2 except the 
internal configuration and operation of the head control unit 
204. 

FIG. 19 shows an example of the internal configuration of 
the head control unit 204. The head control unit 204 generally 
25 comprises an image memory 301, an image memory control unit 302, 
a mask memory 303, a mask control unit 304, and a heater drive 
signal generator 305. 
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The image memory control unit 302 performs memory control 
as follows . That is , it temporarily stores into the image 
memory 301 several bands of serial image data VDI transferred 
from the external device 201 as described above and, as the head 
5 101 scans, it outputs the stored image data to the head 101 as 
the image data VDO. When storing the image data VDI into the 
image memory 301, the unit generates the memory address signal 
in synchronization with the timing in which data is transferred 
from the external device 201 and sequentially stores the image 
10 data VD. When outputting the image data from the memory as the 
^ head 101 scans, the unit generates the memory address signal in 

^ synchronization with the synchronizing signal output from the 

main scanning counter 205 that counts the output from the main 

scanning linear scale 109 and outputs the image data VD from the 

□ * - 

; =1 15 memory. 



The mask control unit 304 thins out a predetermined amount 
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£3 of data from the image data to smooth an image density 

!. 1 

r — ■ 

unevenness generated by the variations in the nozzle shape and 

direction introduced during recording head manufacturing so that 
20 the control unit causes the same band to be scanned several 

times to print an image with the 100% of duty (This print method 

is generally called multi-pass recording) . 

An example of multi-pass recording will be described with 

re f erence to FIGS. 20(a) and 20(b), in which, for simplicity, a 
25 single ink color head composed of 16 nozzles is shown. In the 

first scan, the dots of pattern A are recorded. "•" indicates a 

dot that is recorded in this scan. Then, after the paper is fed 



1/4 (four dots wide) of the head recording width (band) in the 
paper conveyance direction, the dots of pattern B are 

recorded in the second scan. In the figure, "O" indicates a dot 
that has already been recorded. In the third scan, the dots "Au 
M #" of pattern C are recorded and, finally, the dots of 
pattern D are recorded in the fourth scan. This sequential 
processing completes recording. That is, by feeding paper four 
dots at a time and sequentially recording patterns A-D, a four- 
dot recording area is completed in each of four scans. This 
recording method differs from one-time scan (single-pass) 
recording method in that a four-dot recording area is 
sequentially recorded using four nozzles, at a time, that are in 
different portions of a head. This method ensures a high- 
quality image with little or no unevenness. The multi-pass 
recording method also has an advantage that an image is recorded 
while drying it . 

There are several methods for generating pass data for each 
scan. For example, pass data is generated by using a fixed mask 
pattern to thin out recording data as described above (called 
fixed thinning-out), by using a random mask pattern where 
recording dots and non- recording dots are randomly arranged to 
thin out recording data (called random thinning-out ), or by 
thinning out recording dots according to the data (called data 
thinning-out). 

To achieve multi-pass recording described above, the mask 
control unit 304 thins out a predetermined amount of data from 
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image data VD output from the image memory control unit 302. A 
mask pattern is written in the mask memory 303 by the CPU before 
data is printed, and is read from the mask memory 303 in 
synchronization with the image data VD output from the image 
memory control unit 302 when the data is printed. Only the data 
corresponding to a portion where both the mask pattern and the 
print data are ON is output to the head 101 as the output data 
VDO. 

As described above, the heater drive signal generator 305 
generates the signal that selects which block in the head to 
drive (block enable signal (BEO-3)) and the heater drive pulse 
signal HE in synchronization with the synchronizing signal 
output from the main scanning counter 205 that counts the output 
of the main scanning linear scale 109. From the head 101, ink 
is jetted from only the nozzles where the block enable signal 
BEO-3, the heater drive pulse signal HE, and the image data VDO 
are all enabled. 

Although the test pattern used in the third embodiment 
looks externally the same as that shown in FIG. 3, the vertical 
bar VB is printed in multiple passes in the multi-pass recording 
method described above. FIG. 21(b) shows the print result. 
FIG. 21(a) shows the print result produced by printing the 
vertical bar pattern in a single pass (the pattern is formed in 
the single pass of the carriage with no data thinned out with 
the use of a mask), as in the conventional method, using a head 
mounted with skew on the carriage. In this case, the print 
result directly reflects the head skew. On the other hand, FIG. 



21(b) shows the result produced by printing the vertical bar in 
four passes according to the mask method described above. 
Although the print result in FIG. 21(b) may look more uneven, 
the uneven printing in the print result in FIG. 21(b) can be 
averaged more easily, considering the variation in the shape or 
direction of the nozzles produced during recording head 
manufacturing. (To illustrate the edge errors of pattern 
elements for detecting a registration deviation amount, the 
figure shows only a print result produced when the head is 
mounted with skew) . When the read range of the sensor in the 
sub-scanning direction is four dots, a serious error would be 
generated in FIG. 21(a) in the bar edge detection positions if 
the positions at which the pattern is read differ largely in the 
longitudinal direction of the bar. For example, there is an 
error E between position A and position B. On the other hand, 
in multi-pass printing in FIG. 21(b), such an error is not 
generated or extremely slight if generated. 

For example, as shown in FIG. 22(a), consider that head C 
is inclined toward the right and head K is inclined toward the 
left and that the sensor is installed on the carriage such that 
the sensor senses the bottom area of the pattern. If a 
registration deviation is detected and corrected in this 
situation in the conventional method, the corrected result is as 
shown in FIG. 22(b) in which dots in the top of the pattern 
overlap each other and the error E is generated in the bottom of 
the pattern. On the other hand, if the pattern elements of the 
vertical bar are printed in multiple passes by the device 
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according to the present invention, the corrected result is as 
shown in FIG. 22(c) in which the patterns overlap at the center 
and the maximum error of up to E/ 2 is detected at the top and 
the bottom. The more passes of multi-pass printing, the better 
the result. 

It is desirable that the vertical bar VB be scanned 
repeatedly at two or more positions as in positions A, B, and C 
in FIG. 21 (three positions in this embodiment) and that the 
values that have been read be averaged. The reason is as 
follows. Even when printing in multiple passes, a slight error 
is generated in the read positions because of the vertical 
direction variations or twists in the nozzles or an error in the 
paper feed amount. To further smooth the errors, multiple read 
operations may be performed while changing the read position in 
the longitudinal direction of the bar, to minimize the error. 

While preferred embodiments of the present invention have 
been described, such description is illustrative purposes only 
and not restrictive, and it is to be understood that changes and 
variations may be made without departing from the scope of the 
claims of the present invention. 

Industrial Applicability 

The present invention provides an image forming device 
capable of precisely detecting a head deviation when the head 
has been replaced. The device minimizes a detection error that 
may be generated because of variation in the movement speed of 
the carriage or a print paper, allowing a head registration 
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deviation to be detected precisely. Because a pattern may be 
detected in a single scan of a test pattern in principle, the 
time to detect an error in the head mounting position may be 
reduced - 

In addition, a vertical bar pattern is printed in multiple 
passes, the pattern is detected repeatedly in two or more 
positions, and the detection results are averaged to calculate a 
registration deviation amount. This method further reduces the 
effect of variation in the shape and direction of nozzles 
introduced during head manufacturing, head mounting skews, and 
variation in the installation of the sensor on the carriage. 



